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CLAIMS: 



1. A m-J:od for calculating the instantaneous phase in the re- 
cycle coning at least the step of dc*rmining that if the LanI 
small and increasing fast, then it is c'oselTZ «7 airflow is 

, _ 53 ^ u 15 c*05e to start of msoiratinn if rUo, • 

antfow is large and steady, then k is c'ose rn m ;w ^tantaneous 

. _ Jt is cose to nud-msniratioTi if rh_ • 

airflow is small and dee-a^i™ ^ v . • P 1 £he losomaneons 

intermediate phases. -w~«ues witn correspondingly 

2. A method for determining the instantaneous phase in the ~- 
cycle as a continuous variable fronn-,, , • , respirator/ 
of: from 0 1 revolunon, the method comprising the steps 

flow iJT** " l£aSt IW ° F » 0f a F"»W 

flow-vs^ne waverorm/fr; similar to an expected respiratory flow-v S - 

time waverorm, and for each said feature: 

- * a * J f B& W by inspection the phase ^ m ^ rcsp 
cycle for saad feature, assigning a weight W N to said phase 

derming a -magnitude- fuzzy set M N whose membershio 
towon is a function of respiratory airflow, and a "rate of change ; 
toy set C N , whose membership function is a function of the time 
derivative of respiratory airflow, chosen such that the fuzzy 
mtersecnon M N and C n will be larger for points on the generalized 
prototype respiratory waveform whose phase is closer to the said 
feature F N than for points closer to all other selected features. 

setting the fuzzy inference rule % for the selected feature F N 
to be: If flew is Mj$ and rate of charge of flaw is C N then phase = 6 
K, with weighs W N . " Y 

measuring leak-corrected respiratory airflow, 
for each feature F N calculating fuzzy membership in fuzzy 
sets M N and C N , 

for each feature F N applying fuzzy inference rule R N to 
determine the fuzzy extent Y N = M N AND C N to which the ohase is 
$N» ^ 

applying a defuzzincation procedure using Y N at phases 6 N 
and weights W N - to determine the instantaneous phase 4. 
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3. A method as claimed in claim 2, whereby the identifiable features 
include zero crossings, peaks, inflection points or plateaus of the prorctype flow-vs- 
time waveform. 



s 4. A method as claimed in claim 2, whereby said weights can be unity, 

or chosen to reflect the anticipated reliability of deduction of the particular feature, 

5. A memcd as c laime d in claim 2, in which the step of calculating 
respiratory ainlow includes a lew pass filtering step to reduce non-respiratory noise, -m 

10 which the time constant of the low pass filter is an increasing function of an estimate of 
the length of the respiratory cycle. 

6. A method as claimed in claim 2, in which the defuzzincation steo 
i ncl ude s a correction for any phase delay introduced in the step of low pass filtering 

is respiratory airflow. 

7- A method for measuring the average respiratory rate, comprising the 

steps of: 

determining leak-corrected respiratory airflow, 
20 from the respiratory airflow, calculating the instantaneous phase 6 in the 

respiratory cycle as a continuous variable from 0 to 1 revolution, calculating the 
instantaneous rate of change of phase do/dt, and 

calculating the average respiratory rate by low pass filtering said instantaneous 
rate of .change of phase dti/dt. 

2S 

8. A method as claimed in claim 7, whereby the instantaneous phase is 
determined by the method of claim 1 or claim 2. 

- 9- A method for providing ventilatory assistance in a spontaneously 
ao breathing subject, comprising the steps, performed at repeated sampling intervals, of: 

ascribing a desired waveform template function II($), with domain 0 to 1 
revolution and range 0 to 1, 

calculating the instantaneous phase in the respiratory cycle as a continuous 
variable from 0 to 1 revolution, 
as selecting a desired pressure modulation amplitude A, 

calculating a desired instantaneous delivery pressure as an end expiratory 
pressure plus the desired pressure modulation amplitude A multiplied by the value of 
the waveform template function ri(<p) at the said calculated phase <j>, and 

seeing delivered pressure to subject to the desired delivery pressure. 



) 
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10- A method as claimed in claim 9 wh— *,„ 
pressure mod ^ h a ^ ^£ ^ or se!s=:ing a desirad 
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as 



I 1 - A methed as claimed i« ~i • rt 

calculating the desired mpi^ of 
pressure modulation aiuoltacc now., J L ! P «"=«^on a said preset 
said specified eveic UsJ ^ &y Wd OOServed *» «vided by 4. 

adequately ventilated 7Taid e^l h , ^^auuag the extent that the subject is 
from the subject's re^^ ^ ^ ^ *~ 

madequare. the phase"in ±e ^ au! * crt vca ^on is 

^^z^~ * - * — * 

the extent to which the taaLj^^r™* ^ det *^ 

from said airflow to sa^e^H be ^"^^ 

c^x ma, J phase ^J?^ detaOTJn ^ from said airflow but to the 

mac me phase m the respiratory cycle cannot be accurately d=te-™n,M * 
phase is assumed to increase at a ~, ^ , ■ ^ mt£>y ««ernuned, the 

said phase. ? ratc ' ^ ***** pressure as a function of ' 

m .- M A meAod for «tal*tol the instantaneous inspired volume of a 

subject, operable substantially without run-away unA~ , ? ° ° r a 
changing lea,, the method comprising the Z oT ° f 
determining respiratory airflow approximately corrected for leak. 
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calendaring an ind*^ J - 
«id correct mgimy ^ * *■ ^ to wfaici 

negative for longer than expect, ? ^ ^ «P«*i. or Urge 

-spiral at^? ^ VOlCme - ^gral of said corrected 

to, from start of inspiration. ^ 02330011 ° f ^ ^« J wnh respect to 

intervals, of: - a Poonned at repeal*; a,^- 

> taprdwevod, ^ ,tal »'!ar S c nesarrve'-br 

i'i«=rrryin f 4. phase in the resoirarory cvcie 

of the respira^ %Z ' "* ^ " «-»**•*. ^ portfon 

- - ^ ~* — — • - • ^n 4t least of 

«thn S tiehvered pressare to snbjecr to the desired denverv pnssnre. 

^'L^ooCtto^ * * « — — » 

- 1^^;: ^ - ^ - - — - wao* 

longer than expected. ^ ^ * ^ «»■*« for 

. idHti ^*optasemt6e re spirj I orycvote " 

calculating the instantaneous ii™ir^ vn i 1lTT ,. „ . . 

* -peer to *ne, ~" t^Ltt^oo 

of the respiratory cycle, «puarary poruon 

calculating the desired instantaneous delivery pr-ssur- 3 , an 
pressure phis a resistance multfolied hv ,„ • expiratory 

mmupned 0 y the msantaneous respiratory airflow plus a 



nonl ine ar resistance muicni^ k,, 

u*^. applied by tfcs resoiratcrv airflow mriiT^iw , , . 

value of the respiratcrv airflow nfc* „\» ' , . V *e abscise 

instant inspired v^ l^ " b ? *• adiu^ 

«*. deliver pressure to subjec: co the desired delivery pressur , 

, 1S - A metilod for Providing assisted ventilation to march * v 

need, comprising -die saps of: h ^ e Eject's 

describing a desired waveform template function lift) with dom3 - „ 
revolution and range 0 to 1, *naan 0 to l 

caicularmg „ tab, J ^ „ „ , • - 

the respuntory airflow is large positive for long.- than ~Jt Z? ^ 
longer than expected, «?eeted, or large negative fo r 

^ la ^ J ^K^ to the recant peak or the index J 
catenating the instantaneous phase in the rectory cvek 
calcalaong a desired amplitude of pressure modulation c<-ose-, •„ , 
Che degree of vennlanon » at least exceed a specified ven^fion 

catenating a desired defivery pressure as an end exoirarory pressnr- , h 
catenated pressure mc^afion amplitude A mutaulied by rhe value of 
tennlase teaioo □») ar the said catenate! phase ♦and ^ 

pressure.^ ~ " "*« » * **- »— - ous deUvered 

■, 19. A method for providing assisted ventilation to match the subieef, 

pressor modttianon, chosen to serv^comro, the degree of ventilation to « 
a specified ventilation, comprises the soma of: 

^ calculating a arget airflow equal o twice the target ventilation divided by d» 
target respiratory rate, y 

f.w* ***** an error term equal to the absolute value of the instantaneous low pass 
filtered respnaiory airflow minus the target airflow, aod P 

•n an * IiK,le ° f m ° datai0n " *• ° f the error 

mm multipued by a gam, wim the integral clipped to he between aero and a mattimnm. 

n J _ A me *°' 1 f " prDvi<liD S veutilation to match the subject's 

need; as clauncd m claim 18, in which the step of catenating a desired ampiioi o 
pressure modular™, chosen to servc^ntrol the de^ee of ventilation to « fcL exceed 
a specified vennlanon. comprises the following steps: 



calculating a target airflow equal to twice the targe: ventilation divided 
by the targe: respiratory rate, 

deriving an error term equal to the absolute value of the instantaneous 
low pass filtered respiratory airflow minus the target airflow, 

calaflating an uncorrected amplitude of* pressure modulation as the 
integral or the error term multiplied by a gain, with the integral clipped to lie 
between zero and a maximum, * r *"* 

calculating the recent average of said amplitude as the low pass 
filtered amplimde, with a time constant of several times the length of a 
respiratory cycle, and ~'~ 

sening the actual amplitude of pressure modulation to equal the said 
. low pass- filtered amplitude multiplied by the recent peak jamming index 
j P2ax the uncorrected amplitude multiplied by the fuzzy negation of 

21. A method for providing assisted ventilation to match the subiect'3 
need, and with particular application to subjects with varying resolutory mechanics 
insufficient respiratory drive, abnormal chemoreeeptor reflexes, hypoventilation 
syndromes, or Cheyne Stokes breathing, combined with the advantages of proportional 
assist ventilation adjusted for sudden changes in leak, comprising the steps, performed 
at repeated sampling intervals, of: 

calculating the instantaneous mask pressure as claimed in claims 16 or 



17, 



calculating the instantaneous mask pressure as claimed in claim 18, 
calculating a weighted average of the two pressures, and 
setting the mask pressure to the said weighted average. 



